Introduction Mycoplasma pneumoniae is a major cause of atypical community-acquired pneumonia (
Introduction
Nowadays, community-acquired pneumonia (CAP) is one of the common causes of morbidity and mortality worldwide, particularly in children1 frequently done when there is serious illness and a need for hospitalization due to the presence of extra-pulmonary manifestations, failure to respond to antimicrobial treatments, occurrence in immunocompromised patients, and/or outbreak in the community. 3 Studies have shown that a wide variety of viral and bacterial pathogens can cause CAP.
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Human respiratory infections, such as pharyngitis, tracheobronchitis, and CAP may be commonly caused by Mycoplasma pneumoniae at any ages especially among school-aged children. 4 M. pneumoniae infections have been frequently reported, especially in closed settings. Transmission is known to usually occur between household contacts. Its outbreaks are often neglected since it has a relatively long incubation period (up to 3 weeks), during which indolent infection can occur before the emergence of shedding symptoms. 5 During the past years, reports from Europe and Asia have shown significant increases in the frequency of M. pneumoniae infections. 6 In contrast to its subclinical (mild) manifestations, M. pneumoniae accounts for 33% of hospitalizations among adults and children with bacterial pneumonia. 7 The confirmation of M. pneumoniae infection is clinically challenging, and its delay may lead to intense clinical syndromes associated with dermatological and neurological manifestations as well as involvement of other organ systems, such as the cardiovascular, musculoskeletal, hematopoietic and urogenital systems. 8 However, the frequency of direct invasion of these organs is unknown because the microorganism is rarely sought for clinical purposes. Therefore, techniques for accurate detection and identification of the bacteria in the body are necessary.
Culturing this pathogen is difficult and timeconsuming, although it has remained the gold standard for the laboratory confirmation of M. pneumoniae. 8 Serological tests including acute and convalescent-phase serum samples need appropriate interpretations, while more advanced diagnostic techniques like PCR, which can specifically amplify M. pneumoniae DNA from nucleic acid extracts, allow more rapid and sensitive detections of the pathogen compared to culture techniques and serological tests.
9 During the past decade, different molecular methods in the field of molecular biology have been employed for the diagnosis of M. pneumoniae. The availability of PCR has greatly enhanced the understanding of how M. pneumoniae can disseminate throughout the body.
8
Considering the scarcity of data on frequency of M. pneumoniae obtainable from Iran, this investigation was conducted to determine the frequency of M. pneumoniae among patients with atypical pneumonia. We also compared the results of Mycoplasma culture and PCR assays for the clinical specimens collected from patients with CAP in a laboratory setting. pneumoniae among patients with atypical pneumonia. Out of 520 patients who presented with symptoms of CAP, a total of 110 were enrolled in this study. The patients were classified into four main groups according to the previous studies. 10 The diagnosis was based on clinical signs and symptoms (such as chest pain, nonproductive cough, dyspnea, fever (≥38.3°C), or abnormal breathing sounds) and radiographic pulmonary abnormalities that were not induced by a pre-existing or any other known condition under the supervision of medical doctors.
Methods

Patients and clinical specimens
Criteria for inclusion were: presence of cough with breathlessness of fewer than 30 days duration, or a non-productive cough, increased respiratory rate (with/without features of respiratory distress) on examination, and presence of abnormal breath sounds on auscultation.
Criteria for exclusion were hospital-acquired pneumonia, i.e., pneumonia that developed 72 hours after hospitalization or within 7 days of discharge, severe concomitant disease, and use of macrolide antibiotics in the 48 hours preceding enrollment.
None of the patients had tuberculosis, asthma, chronic bronchitis, or lung cancer. After obtaining an informed consent from the patients and/or their parents or guardians, clinical throat specimens were collected using a sterile rayon swab (Dry swab™ ENT, Corsham, Wiltshire, UK). The specimens were immediately placed in the test tubes containing the transport medium for M. pneumoniae (PPLO broth, HiMedia, Mumbai, India), and then transferred at 4°C to the Mycoplasma Laboratory of the Division of Microbiology, Tehran University of Medical Sciences, for immediate processing.
Cultivation of M. pneumoniae
The specimens were incubated in PPLO broth, enriched with 5% CO 2 in humid air at 37°C for 8-16 hours. After filtration with 0.45 µm-PPLO broth filter paper, the obtained cultures were incubated with 5% CO 2 in a humid atmosphere at 37°C for 12-20 days, together with the negative and positive (ATCC 29342) controls according to Pharmacopoeia (2005) . When the broth cultures were suspected to show Mycoplasma positivity, 500 µL of the obtained specimens were spread directly onto PPLO agar plates for colony isolation. PPLO agar was used for counting M. pneumoniae colonies. The remaining specimens were stored at -80°C for the subsequent identification of M. pneumoniae.
Biochemical identification
Biochemical identification was applied for further testing of Mycoplasma spp. through glucose fermentation, arginine deamination, urea hydrolysis, hemadsorption, and hemolysis tests as previously described (Table 1) .
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DNA extraction
The frozen respiratory specimens were thawed on the day of performing the assays out of which 500 µL of each specimen were used for Mycoplasma DNA extraction using the Tissue Genomic DNA Extraction Kit (YTA Genomic DNA Extraction Mini Kit, Yekta Tazhiz Azma, Tehran, Iran) according to the manufacturer's instructions.
Molecular identification
A number of 110 isolates were examined to evaluate the presence of 16S rRNA gene from Mycoplasma species. 12 The final volume of the reaction set was 25 µL of Taq master mix kit (Ampliqon, Odense, Denmark), including 12.5 µL of 1x Taq master mix (containing 1.5 mM of MgCl 2 , 0.22 mM of each dNTP, and 0.11 units/µL of Taq DNA polymerase), 2 µL of genomic DNA, 0.5 µL (10 pmol) of each primer, and 9.5 µL of ddH 2 O. The PCR reactions for the 16S rRNA gene were conducted under the following conditions: DNA denaturation at 94°C for 5 min, 30 cycles of denaturation at 94°C for 30 s, annealing at 56°C for 35 s, extension at 72°C for 30 s, and the final extension step at 72°C for 5 min. The amplification products were electrophoresed in 2% agarose gel at 106 V for 45 min, stained with KBC (0.5 mg/mL) (Kawsar, Tehran, Iran), and photographed under UV light.
The PCR reactions were conducted for the detection of the 450-bp cytadhesin p1 gene from M. pneumoniae according to the techniques previously described 13 under the following conditions: DNA denaturation at 95°C for 5 min, 35 cycles of denaturation at 95°C for 35 s, annealing at 58°C for 35 s, extension at 72°C for 30 s, and the final extension step at 72°C for 7 min. The amplification products were electrophoresed in 1% agarose gel at 106 V for 45 min, stained with KBC (0.5 mg/mL) (Kawsar), and photographed under UV light.
Statistical analysis
Comparisons between the groups of patients (by age, by gender, by symptoms and by comorbid disease) and associations between clinical features and presence of M. pneumoniae were performed by multi-variable logistic regression test, while Cohen's kappa value (k) was calculated to assess the degree of agreement between results achieved by culture and PCR assay. Kappa values of <0.00, 0.00-0.20, 0.21-0.4, 0.41-0.6, 0.61-0.8, 0.81-1.00 indicate 'poor', 'slight', 'moderate', 'substantial' and 'almost perfect', respectively. All the tests of significance were 2-tailed with the alpha set at 0.05. The sensitivity, specificity, the positive and negative predictive values for molecular methods (PCR) were calculated according to the formula at the eighth chapter of Bailey & Scott's Diagnostic Microbiology book.
14 All the analyses were done with SPSS software (SPSS 20, IBM, Armonk, NY, USA).
Results
General characteristics of the study population
Out of 520 patients who presented to the outpatients clinics with CAP, 110 patients with atypical pneumonia were included in our study. There were 43 males and 67 females with the median ages of 51.50 years (IQR 65-42). The comorbid diseases included diabetes mellitus, cardiovascular disease, and kidney failure in 16, 24, and 5 patients, respectively. The most prominent symptoms in all patients were dyspnea (67.3%), cough (64.5%), sore throat (64.5%), chest pain (60.9%), lethargy (49.1%), sputum production (39.1%), headache (29.1%), anxiety (23.6%), and nausea (15.5%). The clinical features and PCR assay results of Mycoplasma pneumoniae pneumonia (MPP) in patients with atypical pneumonia were statistically analyzed and presented in Table 2 .
Culture characteristics and biochemical tests
Microscopic examinations of the positive culture plates demonstrated spherical colonies with a fried-egg appearance, in which a dark central zone was usually surrounded by a lighter peripheral zone or finely granular berry-like colonies penetrating into the agar surface, while some Mycoplasma strains had formed tiny pinpoint ball-like colonies (Figure 1) . The 
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isolates underwent 3 biochemical tests (glucose fermentation, arginine deamination, and urea hydrolysis) and two biological tests (hemadsorption and hemolysis), through which 25 (22.7%) were confirmed to be M. pneumoniae. The culture positive patients for M. pneumoniae included 10 (23.3%) males and 15 (22.4%) females.
Molecular detection
The presence of Mycoplasma spp. in the clinical specimens was confirmed by PCR amplification of the 16S rRNA gene directly from the specimens. The presence of M. pneumoniae was further corroborated by the PCR amplification of the p1 cytadhesin gene. Twenty- The nucleotide sequence data reported in this research were submitted to the GenBank sequence database and the GenBank accession number MH257275 was assigned to M. pneumoniae.
Comparison of PCR and culture
For the diagnosis of M. pneumoniae infection we compared the PCR assay with the culture method. Among 110 patients with atypical pneumonia, 25 patients (22.4%) were culture positive and 29 (26.4%) were positive by PCR assay.
The concordance rate between the two methods was calculated and the PCR assay showed an 'almost perfect' agreement with the culture method (κ=0.90, p<0.001).
Discussion
In this research, patients with clinical signs and symptoms of atypical pneumonia were examined at the hospitals of Tehran University. A quarter of the patients were diagnosed to have M. pneumoniae through culture and molecular methods. Molecular methods were able to also identify M. pneumoniae among the culture negative specimens. This finding is consistent with the findings of another study.
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Previous studies have shown that culture is the gold standard for the diagnosis of M. pneumoniae despite being time-consuming; M. pneumoniae is a fastidious pathogen and may require several weeks to grow. 8 Culture is scarcely applied for the diagnosis of M. pneumoniae infections in the emergency care hospital setting; however, it can facilitate obtainment of isolates for antimicrobial susceptibility testing and/or typing, and consequently provide documented evidence for epidemiological purposes and antibiotic hospital stewardship. Nucleic acid-based tests, such as PCR, provide fast and sensitive results. Furthermore, the PCR technique has been shown to have a greater sensitivity than the culture method. 15 In our study, the sensitivity of the PCR method was greater than that of the culture technique and significant differences were observed between the two methods. Rosemary et al. reported lower culture positivity rates and did not recommend the latter approach for identifying this pathogen 15 . Early identification of causative pathogens in patients with severe infections is vital for patient survival.
Various studies have reported the prevalence of M. pneumoniae infection among patients with CAP to be between 10% and 40%. 16 Even though we recorded a high frequency (26.4%) of M. pneumoniae in our study, low frequencies (1- respectively. However, a relatively high frequency of the infection (>19%) has been reported in our neighboring countries, such as Turkey. 21 Still, there are several studies reporting higher frequencies of M. pneumoniae, ranging from 27.5% to 35%. 22, 23 The prevalence rate of respiratory infection due to this pathogen varies from one country to another due to seasonal variation and differences in geographical locations. 24 The substantial part of our study was conducted during the winter season (January to June), in Tehran, a megacity characterized by a high level of air pollution; these are two factors which might have a positive effect on the frequency of respiratory tract infections, including MPP.
Higher frequencies of M. pneumoniae detection have been reported by other researchers around the world. 4 The clinical manifestations of M. pneumoniae range from asymptomatic infections to severe pneumonia associated with extra-pulmonary complications. Previous studies have shown that the percentages of clinical signs and symptoms do not vary significantly among patients. 2 In this research, we found a relationship between chest pain and Mycoplasma infection (p=0.003); the odds of chest pain were 6.45-fold greater for MP pneumonia.
Studies have shown that underlying conditions such as renal, cardiovascular diseases and diabetes mellitus increase the risk and severity of CAP in individuals. 1, 25 This may serve as a prognostic factor for the physicians to make better decisions on the diagnosis and overall patient management.
2 Although this study does not show any statistical difference between the presence of M. pneumoniae and underlying diseases (p value >0.05), the odds ratio of MPP were 1.99, 1.80 and 0.7 in kidney disease, diabetes and cardiovascular disease respectively. The high odds of MPP in the patients with comorbid condition would be better explained with higher sample size. The small sample size is one of the drawbacks of our study. On the other hand, investigating only M. pneumoniae frequency without exploring the causes of atypical pneumonia is considered another limitation of our study. Furthermore, the lack of a national epidemiological surveillance system for M. pneumoniae infections in Iran might explain the unduly high frequency of the infection as recorded in our study.
Conclusion
To the best of our knowledge, this is the first report on the high frequency of M. pneumoniae in the capital city of Iran. We demonstrated that the PCR assay is more sensitive than the culture method, which is still regarded as the gold standard technique for the diagnosis of M. pneumoniae, although we found a high level of congruency between the two methods. Recognition of the high frequency of M. pneumoniae among CAP patients in Iran is the baseline information that can be utilized by the physicians, the epidemiologists and the government in order to set up mechanisms for the confirmation, prevention and control of the potential epidemics of MPP in our community.
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